Introduction
Bacteria from clinical specimens can be challenging to identify, not least because a specific set of climatic conditions may be required for primary culture. Little is known about the pathogenic potential of isolates within Neisseriaceae to cats. Species of one genus within the family, Neisseria, are known to be feline and canine oropharyngeal flora, 1 and have been reported to cause disease, including subcutaneous mandibular inflammatory lesions and pneumonia. [2] [3] [4] Case description A 2-year-old female spayed domestic shorthair cat was presented for a subcutaneous swelling over the bridge of the nose ( Figure 1 ). It had been acquired as a kitten from an animal shelter and had been otherwise well. The lesion first occurred 3 months before presentation as a soft swelling, which grew progressively and then became ulcerated. No other abnormalities were detected on physical examination, and parameters on routine haematological and serum biochemistry profiles were within reference intervals. A Cryptococcus antigen latex agglutination assay on serum was negative (CALAS; Meridian Biosciences). A single dose of cefovecin at 1 mg/kg (Convenia; Zoetis) was given subcutaneously and the lesion was biopsied and surgically debulked.
Histological examination of biopsy tissue revealed a dense nodular infiltrate of inflammatory cells, including epithelioid macrophages, plasma cells, neutrophils, aggregates of lymphocytes and reactive stromal cells, consistent with chronic pyogranulomatous inflammation. Gram-negative coccobacilli were identified predominantly within macrophages, in focal areas of inflammation. A scant number of a coagulasenegative Staphylococcus species were recovered from aerobic culture of biopsy tissue and were considered contaminants. Anaerobic, fungal and Mycoplasma species cultures were negative. The infection was treated Nasofacial infection in a cat due to a novel bacterium in Neisseriaceae empirically with amoxicillin-clavulanate (12.5 mg/kg PO q8h for 10 days) (Amoxyclav; Apex Laboratories) and enrofloxacin (6.25 mg/kg PO q24h for 10 days) (Baytril; Bayer).
Although the lesion initially regressed after surgical debulking and antimicrobial therapy, 5 months later the cat was re-presented with a recurrent lesion similar in size to the initial presentation. Enrofloxacin was prescribed again at the same dose rate for 6 weeks with no effect. A second debulking surgery was performed and tissue biopsies were submitted to the Veterinary Pathology Diagnostic Services at the University of Sydney. Histological examination revealed extensive pyogranulomatous inflammation similar to that described in the previous biopsy. Special stains (Gram, Ziehl-Neelsen [ZN], periodic acid-Schiff [PAS] and Giemsa) revealed large numbers of gram-negative coccobacilli within macrophages (Figure 2a,b) . These bacteria were ZN negative but had PAS-positive capsules ( Figure 2c ). Isolation of the bacteria was attempted by inoculating fresh biopsy tissue onto 5% sheep blood agar (SBA) incubated under aerobic, anaerobic and microaerophilic atmospheric conditions (candle jar method) at 37°C. Tissue was cultured aerobically for fungi on Sabouraud dextrose agar containing chloramphenicol and gentamicin at 28°C. After 6 days of incubation, significant growth was only identified on the 5% SBA-inoculated plates incubated microaerophilically. Colonies were non-pigmented, <1 mm in diameter and oxidase positive. Gram staining demonstrated coccobacilli. Subculturing was attempted and growth was initially observed under microaerophilic conditions at 37 °C after 4 days of incubation. Subsequent subcultures were unsuccessful, preventing further biochemical characterisation and antimicrobial susceptibility testing.
Molecular identification was attempted through PCR amplification of the 1.5 kb bacterial 16s rRNA gene using colony template derived from the 5% SBA microaerophilic subculture and universal 16s rRNA primers (forward 5′ AGAGTTTGATCCTGGCTCAG 3′; reverse 5′ TACGGYTACCTTGTTACGACTT 3′) and sequencing the resultant purified PCR product. 5 The resulting 16s rRNA gene sequence was compared with the GenBank database, using the Basic Local Alignment Search Tool (http://blast.ncbi.nlm.nih.gov) to establish identification with a species (⩾99% sequence homology) or genus level (⩾97% sequence homology). 5 The resulting sequence of the full-length 16s rRNA gene of this bacterium (Neisseriaceae bacterium 1359/10; GenBank accession number KJ643423) had the highest matched homology (98.8%) with an isolate (Lie5-2) from an unclassified, unnamed novel genus within the Neisseriaceae family (GenBank accession number GU199453.1). These and other closely related sequences were edited using BioEdit Sequence Alignment Editor version 7.2.5 (Ibis Biosciences). Alignment of homologous positions on the multiple sequences were performed using the BioEdit ClustalW algorithm. 6 Phylogenetic trees were constructed ( Figure 3 ), with Mega 6 using the maximum likelihood discrete data method (Kamuri model GI, 1000 replicates). 7 The cat was treated empirically with doxycycline 6.25 mg/kg PO q12h (Doxycycline; Apex Laboratories), and trimethoprim sulfamethoxazole 5mg/kg PO q12h (Tribrissen; Jurox) for 4 weeks initially, and then with doxycycline monotherapy for a further 4 months at 5 mg/kg PO q24h. During this time the lesion gradually resolved. Two weeks after doxycycline was discontinued, the lesion began to recur and dual therapy with doxycycline and trimethoprim sulfamethoxazole therapy at the initial doses was recommenced for a further 2 months, during which time the lesion resolved. There has been no clinical recurrence of the lesion at the time of writing, 3 years after antimicrobial therapy was stopped.
Discussion
In this report we describe a recurrent pyogranulomatous lesion on the nasal bridge of a cat due to a fastidious gramnegative bacterium. Based on phylogenetic analysis of the sequenced 16s RNA gene the isolate from this cat (Genbank accession number KJ6434243) is a novel, as yet unclassified, genus and species within the Neisseriaceae family ( Figure 3 ). There is limited information about the closest isolates to this bacterium; Lie5-2 (Genbank accession number GU199453), T60-Ps25C-56 (Genbank Figure 1 Large subcutaneous swelling over the nasal bridge at initial presentation accession number JX105718) and uncultured β proteobacterium clone (Genbank accession number EU156142) have been isolated from aquatic environments in diverse geographical locations, including a lake in China, an ornamental fish aquarium in Greece, and a thermal spring in the USA, respectively. 8, 9 As the cat had access to a garden adjacent to a canal, traumatic inoculation is a possible route of entry for this bacterium, if its environmental niche is aquatic. Cats are also susceptible to nasofacial infections after traumatic inoculation of environmental saprophytes from a cat scratch. Infection and disease may occur in immunocompetent individuals when the cutaneous barrier is breached and there is a sufficient inoculum to establish an infection. Other saprophytic organisms reported to cause cutaneous and subcutaneous nasofacial infections in cats include Corynebacterium pseudotuberculosis, Mycobacterium avium subsp avium, Nocardia nova and the algae Prototheca wickerhamii and Prototheca zopfii, and a variety of fungal species, including those that cause phaeohyphomycoses (eg, Alternaria species) and dimorphic fungi (eg, Cryptococcus neoformans, Sporothrix schenckii). 10 As illustrated in Figure 3 , the isolate in this report is phylogenetically distant from more commonly described Neisseriaceae opportunistic pathogens, including Neis seria, Simonsiella, Eikenella and Kingella species that are normal flora of the feline, canine or human oral cavity. 1, 11, 12 Owing to their location, Neisseria species have been identified as contaminants of bite wounds from dogs or cats. 13 It seems unlikely, based on the phylogenetic analysis that the isolate from the cat of this report resides in the feline oral cavity. The nasal bridge area is an uncommon site for cat bites, but is a common site for cat scratches. 14 Previously reported subcutaneous mandibular lesions caused by Neisseria animaloris and Neisseria canis had a similar clinical presentation to this case. 2, 3 However, both isolates were susceptible to most commonly used antibiotic agents in vitro and treatment with amoxicillin-clavulanate was effective after 3 weeks of antibiotic therapy. Unfortunately, antimicrobial susceptibility testing could not be performed for the isolate in the current study owing to loss of viability. This isolate could only be grown under microaerophilic laboratory conditions. Although Neisseriaceae are aerobes, a partial carbon dioxide environment enhances primary growth for some medically important members including Neisseria gonor rhoea and Neisseria meningitides. 15 
Conclusions
A novel genus and species within the Neisseriaceae family was identified as the cause of a pyogranulomatous nasofacial subcutaneous lesion in a cat. The isolate was afastidious gram-negative bacterium that grew under microaerophilic conditions. Comparative sequence analysis of the 16S rRNA gene is useful for rapid identification of bacterial isolates. The lesion resolved after prolonged antimicrobial therapy with doxycycline and trimethoprim sulfoximazole. 
